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From: Commander, Naval Surface Weapons Center
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Subj: HIBAL Program, Preliminary Warhead Design

Encl: (1) NMT/TERA Report No. T-80-1356-U HIBAL Program preliminary Warhead
Design Volume I

(2) NMT/TERA Report No. T-80-1356-U 1IIBAL Program Preliminary Warhead

Design Volume II (appendices)

1. The HIBAL Program was initiated in FY79 as part of the Army/Navy Area

SAM Advanced Prototyping Program in NAVSEA 62R5 to develop and demonstrate
new fragmentation warhead technology for defeat of bomber aircraft. The
program is being conducted by the New Mexico Institute of Mining & Technology

with technical support from NSWC and NWC/CL. The primary emphasis has been
on obtaining fuel ingestion kills by penetrating through the large bomber
fuel tanks with a relatively large fragment having good hydrodynamic penetra-
tion capability. This same fragment design has also been shown to yield
improved capability against aircraft engines and on-board ordnance. The I!
enhancement in end-game effectiveness has been found to produce not only
higher probability-of-kill (Pk) but also a redundancy of killed components
which should yield reduced susceptibility of Pk to future changes in target
descriptions and vulnerability models. Development of this technology is
nearing completion with the final Prototype Demonstrations scheduled for
early FY81.

2. In the course of this program, a considerable amount of warhead technology
has been developed in the areas of liquid penetration, fuel dump capability and
fragmentation control. A series of four reports is planned to document this
technology to ensure maximum utilization of this data. These reports will
include:

a. Fragment Drag through Liquids
b. Vulnerability Modeling Procedures for Fuel Cells
c. Preliminary Warhead Design
d. End Game Analyses

In addition, a separate report will be published documenting the Prototype

Demonstration firings against running engines as well as a final report
summarizing all work under this program.
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3. Enclosures (1) and (2), Preliminary Warhead Design, are the first published

in this series of reports. This report documents the application of the IIIBAL
fragment designs to four warhead configurations from 80 to 200 lb using both
controlled fragmentation, with an opposed grooving technique, and preformed

Ihexagonal fragments. Full scale warhead test r~sults verify the ability to
* predict warhead performance and establish guidelines to successfully obtain

good fireformed HIBAL fragments. These tests have also formed the basis for
defining warhead characterizations for each of the HIBAL configurations.

An additional 135 lb warhead and 200 lb annular warhead are currently being
tested to verify the new fragmentation control guidelines. These tests will
be reported separately.

4. The four HIBAL configurations were selected to be compatible with current

and projected missile systems. These designs represent Advanced Development
Concepts. Application of the HIBAL technology to a specific missile system
warhead design will require more extensive design tradeoffs in a number of
areas including threat spectrum weighting, encounter conditions, warhead size,
warhead shape, length-to-diameter ratio, and structural design.
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I APPENDIX I

I SUMMARY OF FRAGMENT MAT TESTS CONDUCTED IN SUPPORT

OF THE FIREFORMED FRAGMENT WARHEAD DESIGNS
II

The test program began in January, 1980 with a series of fragment
mat tests. The purpose of these tests was to provide for preliminary
investigation of some of the parameters influencing the opposed groove
technique. Most of the tests were unsuccessful attempts to firefonn
fragments of the desired shape and weight, and were useful only in a
negative sense - providing data on what choices of opposed groove designs
won't work. The details of all the tests and their results are presented
in tables I-1 through 1-6. The tables are cross referenced with the
drawings of the fragment mats, figures 1-1 though 1-19).

Summary of Test Results

The three most significant results of the mat test program were: K
1. The tests demonstrated that wide groove angles (90 to 120

degrees) required a relatively dense inert filler material
such as steel, copper, or lead had to be placed in the
outside grooves to achieve proper fragment firefonming.

2. 4130 steel was selected as the baseline warhead case material
because more success was achieved in generating fragments of
the desired shape and weight with this material.

3. Opposed groove depths for the 8-inch O.D. firefonned warhead
were provided.

lL. PAGE I-I
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APPENDIX II

RESIDUAL WEIGHT OF 560-GRAIN FRAGMENTS AFTER 10,000-ft/sec

IMPACTS WITH THIN STAINLESS STEEL TARGETS

INTROnIICT ION

One of the design objectives of the HIBAL warhead program is to
achieve fragments which, within the constraints placed upon the fragment
shape and weight by other design considerations, will maximize penetra-
tion capability in fuel. The penetration capability of the fragment in
fuel is a function of how well the fragment retains its shape and weight
after impact with the target skins. Stainless-steel skins are postulated
for one of the targets in the HIBAL-threat spectrum, and analysis show-
that fragment impact-velocities of 8000-ft/sec to 12,000-ft/sec are
cannon for this target.

In this part of the program, fragments were explosively launched at
about 10,000-ft/sec at stainless steel targets, to investigate the
relative capabilities of various fragment materials to retain their
shape and weight after impact.

FRAGMENT AND FRAGMENT-1IAT-PROJECTOR DESCRIPTIONS

The fragment size chosen for study was 1/2" x 3/4" x 3/4",
560-grains, because (1) 3/4-inch-square bar stock was readily available
in the materials tested, (2) 560-grains is within the fragment-weight
range being considered for HIBAL warhead designs, and (3) the 1/2-inch
thickness is representative of the case thickness of the 11-1/2-inch-
diameter HIBAL-warhead designs.

The fragments were sawcut and positioned in a fragment mat as shown
in Figure I-1, with sixty-four fragments in each fragment mat. Four
materials (16 fragments each) were represented in each fragment ,nat. The
total weight of the sixteen fragments for each material was recorded for
each test. The fragments were stamped with letters which corresponded
to the types of steels used in the tests for identification after recovery.
The fragment mat was positioned on a 200-lb C-4 explosive charge, as
shown in Figure 11-2.

TEST DESCRIPTION

The fragment mat was fired at a 300 obliquity to the stainless-steel
skin targets. Celotex was used to recover the fragments, and Fastax
cameras were used to obtain fragment velocities. A typical arena is
shown in Figure 11-3. Two thicknesses of stainless-steel skins were
tested, 0.047-inch and 0.035-inch. In addition, one test was conducted
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against an aluminum-plate-array target, consisting of 3 sheets of
0.090"-2024-T3 plate separated by 1-ft intervals. The three plates were
at 300 obliquity, as shown in Figure HI-4. This test was conducted to
determine how multiple aluminum skin hits would affect fragment residual
weight.

rRAGHENT MATERIALS TESTED

The materials tested included the following types of steel: SAE
1018, 4130, 4140 and 4340; 5-317 and 5-876 Carpenter tool steel; Anico
HY-80 and SSS-100 steel; AISI-S7 special purpose tool steel; type 416
and 17-4 AISI 630 stainless steel; and a stainless steel of unknown
alloy.

Properties of the materials tested are presented, along with the
plottings of the data for each material. Note that, for somie materials,
differing heat treatments were used to evaluate the effects of
variations in material hardness. The unknown stainless alloy was V
available, and was tested with the reasoning that if it appeared to be a
better material for surviving impacts than the other materials, the
analysis of the alloy would be perfonmed.

TEST RESULTS

Seven tests were conducted. Table 1I-1 summarizes the test para-
meters in each of the tests. The results are first presented for each
fragment material and, then, the fragment materials are compared in a
final summary (Figure 11-17). The basis for the curves used in Figure
11-17 appears in the discussion of the individual fragment-materials.
The data for alloy-steel fragments are plotted in Figure 11-17. The
mild-steel data are plotted on the overlay of Figure 11-17.

The recovered fragments appeared to have lost weight in two different
ways, by erosion of the metal as it passed through the target, and by
brittle fracturing. Examples of the two types of weight loss are pre-
sented in the photograph in Figure II-18.

A. Mild Steel (SAE 1018)

Mild-steel fragments were tested against the 0.047"-inch
stainless steel target and the 2024-T3 plate array target. The test
data are plotted in Figure 11-5. The recovered fragments frou the
two target-types show similar deformation; the fragments were
"mashed" on the impact face, and somewhat pitted on the impact face.
The distribution of recovered fragment weights is similar for the
two targets, the weight loss appearing to have occurred fron "erosion".
of the fragment, as opposed to fracturing. For the final sumiwry
figure; the data from the two targets were combined into a single
cu rve.
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R. SAE 4130

The SAE 4130 fragments were tested against one target, the
0.035"-inch stainless steel, for two hardnesses, RC-38 and RC-42.
The data are plotted in Figure 11-6. The fragment defonation was
similar for the two hardnesses, and the distribution of recovered
fragment weights was also similar for the two hardnesses. The
fragments were mashed on the impact side, but not as much as
were the mild steel fragments. The fragments appeared to have lost
most of their weight due to erosion, as opposed to fracturing. The
data for tile two hardnesses were combined into one curve for the
final summary Figure 11-17.

C. SAE 4140 V
SAE 4140 fragments were tested against the three targets;

0.035"-inch stainless steel, 0.047"-inch stainless-steel, ard tile
O.090"-inch 2420T3 plate array. Fragments tested against the
O.035"-inch stainless-steel target were RC-40. The fragments tested
against the plate array target and 0.047"-inch stainless-steel were
RC-45.

The distribution of recovered fragment weights fired against
the 0.047"-inch stainless-steel target differs somewhat fra the
distribution of recovered fragment weights fired against the
plate-array target. Since the appearance of these two sets of
fragments is similar (for both sets, fragments lost weight due to
fracture failures rather than from erosion), it is believed that
the plotted dispersion in recovered fragments weights may be due to
the sample size of the data.

There is also a difference in appearance between the fragments
fired at the 0.035"-inch steel,which were RC-40, and the RC-45
fragments fired at the other two targets, which were RC-45. The
RC-40 fragments mashed more at impact than did the harder fragments,
and appeared to have lost weight due to erosion, as opposed to
fracturing.

Only the data from the RC-40 fragments fired against the
O.035"-inch steel were used in the final summary figure, because
the dispersion between the data was deenied to be too great to allow
for the combining without further testing.

Data for (SAE) 4140 are shown in Figures 11-7 and 1I-7A. The
analysis shown is for 4142, which differs from 4140 only in carbon
content. In fact, one steel supplier lists both 4140 and 4142 as
equivalent.

n. SAE 4340

j. SAE 4340 fragments were tested against the O.035"-inch

PAGE HI-3B-- _ __ __ _



stainless-steel targets. Two hardnesses were evaluated, RC-43
and RC-38. The data are plotted in Figure 11-8. The distribution
of fragment weights recovered were very similar for the two hardnesses,
but the appearance of the two fragments were somewhat different.
The harder fragments appear to have lost their weight due to
fracturing, while the softer fragments were mashed and lost their
weight due to erosion. For Figure 11-17, the data for hardnesss
were combined into one curve.

E. 17-4 AISI 630 (STAINLESS)

This material was tested against the O.035"-inch stainless-steel
target for two different hardnesses, RC-42 and RC-34. The data are
plotted in Figure 11-9. The difference in hardness between the
recovered fragments was evident because the softer fragments mashed
more on the impact face. However, fragment weight loss due to
fracturing was evident for both hardnesses.

F. TYPE 416 (STAINLESS)

This material was tested against the O.035"-inch stainless-steel
target. The material hardness was RC-45. The data are plotted in
Figure II-10. The fragments fractured into small pieces at impact.

G. STAINLESS STEEL (UNKNOWN ALLOY)

This material was tested against the O.047"-inch stainless-
steel target, and the O.090"-inch 2024-T3 plate-array target. The
data are plotted in Figure II-ll.

The recovered fragments were similar to one another, for both
targets. For most of the fragments, the weight-loss appeared to be
from erosion, but a few also showed fractured. This material was
not plotted in the final summary figure, because it was not tested
against the O.035"-inch stainless-steel target.

H. CARPENTER 5-317

This material was tested against all three targets. The frag-
ment material hardness on all the tests was RC-41 to RC-42. The
data are plotted in Figure 11-12. The recovered fragments were
similar to one another, for all three targets. Only a few fray(ments
had fractured; most appear to have lost weight frun erosion. The
distributions of recovered-fragment weights are similar for the
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).f135"-inch stpel-tariet and th , ',')),("-inch 2024-T3 plate-array
tarqet. The frarmments imjxactinq tie O.047"-inch stainless-steel
target lost s,ewhat less weiqht than the fragments impacting the

other ihrqets. The Jata fr;i tnc O.035"-iich stainless-steel target
are plotted in sumvary Figure 11-17.

I
I. AISI-S7

I This material was tested against the O.035"-inch stainless steel
target. Two material hardnesses were tested, RC-43 and RC-50. The
data are plotted in Figure 11-13. Only two of the RC-50 fragments]were recovered, and those were fractured.

The RC-42 fragments, which lost a significant amount of weig,"t,
did so because of fracturing. The data froi the RC-42 fragments are
plotted in Figure 11-17.

J. CARDENTER 5-876

This material was tested at RC-43 hardness against the 0.035"-inch
stainless-steel target. The data are plotted in Figure 11-14. The
two recovered fragments which lost the most weight were fractured;
the four which lost 100 - 150. of their weight did so by erosion.
The fragments were mashed and pitted on their impact side, a resdlt
very similar to other fragment materials of the same hardness.

K. HY-80

HY-PO (Figure 11-15) was tested against the 0.035"-inch
stainless-steel tarqet. Two fragment material hardnesses were
tested, RC-38 and RC-41. Only three fragments of the RC-41 hardness
were recovered, whereas fifteen of the RC-38 hardness were re-
covered. Mifferences in appearance occurred between the RC-38
fragments and the RC-41 fragments, The RC-38 fragments being mashed
significantly more than the RC-41 fragments, and many fractures also
occurring in the RC-38 fragments. The RC-41 fragment data were used
in the final summary-figure.

L. SSS-100

The SSS-100 was tested at RC 42-43 against the O.035"-inch
stainless-steel tarqet. The data are plotted in Figure 11-16. The
appearance of the fragments indicates that fragment weight was lost
primarily from fracturing.
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CONCLUS IONS

1. The most important conclusion is thdt there are several, viable
candidate-steels which, with proper heat treatment, show good
survival capability at 1{,O00-ft/sec impacts.

2. Insufficient data exist to provide quantitative values at this
time Nit, fpcin the appearance of the fragments, it is appaient,
that the healt treatiment may affect the survival capability of
some alloys more than it does other alloys.

3. The appearance of'the fragments suggests that there was no
major difference in the "toughness" of the three targets tested.

4. Fragment-weight loss was due to both fracturing and erosion.
Figure 11-18 conpares two fragments which lost weight by
fracturing (left) to one fragment which lost weight by erosion
(right).
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I 2.5'1

6111

100.5"

70

10.9",

A.4J SET A-A

.75" x .75" x .5"
FRAGMENT

DETAIL OF MAT CONSTRUCTION
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j I

2211

6"1 10.9",

FRAGMENT PROJECTOR USED TO ACHIEVE

FRAGMENT VELOCITIES GREATER THAN

9000- FT/SEC
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I
I

II

I

41" CELOTEX RECOVERY PACK

0.035' I
STAINLESS STEEL

6' x 5'

35'

FRAGMENT *
PROJECTORk

*0.074" STAINLESS STEEL WAS USED

IN SOME TESTS. ASPLT CRAMER

STAINLESS STEEL SKIN TARGET, 0.035'1,

SHOW ING CAMERA AND FRAGMENT PROJECTOR LOCATION
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I2
30

I 0.090"' 2024-T3

FRAGMENT

PROJECTOR

SFASTAX

CAMERA

ALUMINUM PLATE ARRAY TARGET USED TO DETERMINE FRAGMENT RESIDUAL

WEIGHT FOLLOWING MULTIPLE ALUMINUM SKIN HITS
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100

90A

80

%OF 70

400

3EOEE 0 A

400

10 A

0--

0 .1 .2 3 .4 .5 .6 .7 .8 .9 1.0

RECOVERED FRAGMENT WEIGHTR=FRAGMENT WEIGTf BEFR FIRING

LEGEND

STEST SNO509AO DATA, .047' STAINLESS STEEL TARGET

* TEST SNO514AO DATA, .090" 2024-T3 PLATE ARRAY TARGLT

TEST DATA FOR MILD STEEL FRAGMENTS
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100 A

1 90 1

J 80A

70A

60A

% %OF A
RECOVERED 50

* FRAGMENTSA
R40-A

A

20 A

10 Lp

0 .1 .2 .3 .4 .5 .6 .7 .8 .9 1.0

R=RECOVERED FRAGMENT WEIGHT
FRAGMENT WEIGHT BEFORE FIRING

LEGEND

* DATA FROM TESTS SNO52OAO and SNO602AO, .035"
STAINLESS STEEL TARGET, FRAGMENT MATERIAL HARDNESS
RC42, 43

ADATA FROM IEST SNO605AO, .035" STAINLESS STEEL TARGET,
FRAGMENT MATERIAL HARDNESS = RC38

TEST DATA FOR SAE 4130 STEEL FRAGMENTS
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4130

Cabn Analyais Critical Rtange Thermal Treatment

Caron..............28/.33 Ac. 1400*17 Forge .. .... 2150' -2250*F

Manganese .........40/.60 Ac. 110'r Normalize . 1600* 1700'F

Phosphorus .........035SMax. A,. 14001' Anneal..... 1500. 1600"r

Sulphur ............-.04 Max, Ar. 1305*1' Ifardt'n oil o 1water

Silicon ......

Chromium ..........80/1.10

Molybdenum .......15/.25

MECHANICAL PROPERTIESL

T...il. Yield Elonqabon fled. Are. ann.i trod

As Rolled .... .100,000 60.000 25 s0 212 -

Annealed . ... 80.000 56.000 28 57 149 53

orineUl 461 [41~ [4i; [j9 4 05 2~J~ !~ 1 f[r1
Rock..ll C 49 44i JL3i 02 LBL~ ~ f..!?

25000 t

___Size Trearted: .S30- Round
0Normalized ot 16001F

Quenched fram 157S*' in Water

07

100

in .- -- - - 40 Z

* .~ 1r~* ---- -- 0

"Ni

400r 5w. (a. 700- Sel 1". 101), lIOU' I W' 1300'

Tempering Temperature
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*II

100- 0

80- 0

70-
60- [] A

% OF

RECOVERED 50 Jo A
FRAGMENTS

_> R 40 - 0 0 A

30- 0
0 A

20 0
10- 0] 0 A

0

0 .1 .2 .3 .4 .5 .6 .7 .8 .9 1.0

RECOVERED FRAGMENT WEIGHT
FRAGMENT WEIGHT BEFORE FIRING

LEGEND

0 TEST SN0509AO DATA, .047" STAINLESS STEEL TARGET,
FRAGMENT MATERIAL HARDNESS = RC45

TEST SN0605AO DATA, .035" STAINLESS STEEL TARGET,
FRAGMENT MATERIAL HARDNESS = RC40

0 TEST SNO514AO DATA, .090" 2024-T3 PLATE ARRAY TARGET,
FRAGMENT MATERIAL HARDNESS = RC45

TEST DATA FOR SAE 4140 STEEL FRAGMENTS
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4142

Anaolysis Cilcal Range Thermlai 11caiment

jCulbon ............... 4.4A Ac. 13957 Forge. 2100' 2200-F

Manganese..........7511.00 Ac, 14 so' Nirolvie . 3100 17W0

Phosphorus........ .035 Max. Ar. 13307 Anneal.1450' 15507r

Sulphur....... .... 04 Max. A, 18" udn i ,i2,~~
Silicon .. .............. .15/.30

Chromium ... ......-.... 80/1.10

Molybdenurm ..... 15/.25

MECHANICAL PROPERTIErS

Ton.mI. Yi.Id rLonqomwn lied. A,- -0 lne I hod

As Rolled .140.000 90.000 20 45S 285

Annrealed 95.000 60.000 26 60 187 67

Orin.Ul FS18 lIZ] [9I 1~ ~ 466J 12341 [ 27 23S
I,.IC Es]N r3 iL _45 L4 117

V 1.. Sile Trecoird: s53v* R(ounid --

INormacilized at 16(07
Quenched ftrm 1550' in Oil - T .

0.

U))

40

A,~ r.

7- 40 in 1)eringTein1
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III

100 Li

50

80

30-
OA A

20 -A
RECOVERED•
FRAGMENTS 50 -A

-R
40-

0-

0 .1 .2 .3 .4 .5 .6 .7 .8 .9 1.0

R= RECOVERED FRAGMENT WEIGHT
FRAGMENT WEIGHT BEFORE- FRING

LEGEND

* DATA FROM TESTS SN0522AO AND SNO602AO, .035" STAINLESS
STEEL TARGET, FRAGMENT MATERIAL HARDNESS - RC43

A DATA FROM TEST SNO605AO, .035" STAINLESS STEEL TARGET,
FRAGMENT MATERIAL HARDNESS = RC38

TEST DATA FOR SAE 4340 STEEL FRAGMENTS
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4340

Analysts Critical lonq* Thermo Treatment

Cc-bon ............. 38/43 Ac, 13S0rF Forge ........ 2200 -2300T

Monganese 60/.80 Ac, 1415*F Normohze. 1600' . 700'

Phosphorus ............. 035 Max. At. B90*T Anneal . S1DD . 1600"T

Sulphur .............. .04 Max. At, 720F Harden .. 1475* 1575'f, oil

Silicon .............. 15/.30

Chromium ..... ........ 70/.90

Nickel .... 1.65/2.00

Molybdenum .20/.30

-NECHAN'CDAL PROPERTIES

1.nsJ ) Ya ld Elonqt.on 1e.d. A-o B.nl1 firod

Asl iolled .............178.000 100.000 10 30 36.3

Annealed ............ 110.000 66.000 23 49 I97 25

Dioll 5f, (i~ 774~ 3588 F31 321 29

=e.weU1 C F4 3

t Size Treated: .530" Round
Normalized at I&00°r

S~~ Quench ed from 1475*F in Oil --

u') :250.000

i 200.000

a.
• 40 "-a b

03

:0

4w.1w050 6w." 7,00. 8W*0 900
°  

H{IO' lI* t(} 200" 13100"

Tempering Temperature
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100 A
A

90A

80 7A4

70 -*

%OF 60
RECOVERED
FRAGMENTS 50A

R 0 A40 A

30 *

20 

A10 -A 0
A

0
.1 .2 .3 .4 .5 .6 .7 .8 .9 1.0

R=RECOVEREDFRAGMENT WEIGHT
FRAGMENT WEIGHT BEFORE FIRING

LEGEND

* TEST SN0522A0 DATA, .035" STAINLESS STEEL TARGET,
FRAGMENT MATERIAL HARDNESS =RC42

ATEST SN0526A0 AND TEST SNO602AO DATA, .035" STAINLESS
STEEL TARGET, FRAGMENT MATERIAL HARDNESS RC34

TEST DATA FOR 17-4 AISI 630 STEEL FRAGMENTS
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17-4
AIS1 630

Precip~tation Bcrxttinq Stcainess Bars and Bilets
Color Marking: Ends painted Illus, and Y'ellow

This is a chromium nickel irrude of stainless stee; that may be hurdened by
a ingle low-temperature ptegciption har!deninj heot treatinent. Excellent
mechanical propetties tit a high stirength Ilsvel may be obtained by such

treatment. Scaling and distottior i ce minimized.
The strength and corros~on renistance proprties of 17-4 hocld up %ell in

service temperatures up to (100'IF.

Fabrication techniques for this steel are similar to those established for the

re gular stainless steel giadv . This material machines well, has excellent
welding characteristics, arnd forges easily. The camfrinaiion of excellent
mechanical and processing properties makes this grade aduptable to a wide
variety of applications.
ANALYSIS

C M" 5 S Cr NIi Cu Cb
Ma.. Max. MI.s. Max. M..s. +fTo
.07 1.00 .04 .03 1.00 15.50/17.50 3.00/5.00 3.00'5,00 SiC, .45 -

SPECIFICATIONS--AMS-5643 and ASTM A 564 Type 630 are generalfly
applicable.

A PPLICATIONS- Used where high strength and goad corrosion tesistance are
required, as well as for applications requiring high fatigue strength, (lood
resistance to galling. seizing and stress corrosion. Suitable tot intricate
parts requiring machining and welding, and/or where distuttion in con-
ventional heat treatment is a problem.

CORROSION RESISTANCE - The corrosion resistance of 17.4 is superior to
that of lirdenable straigaht chromium otrades such as Type 410- It aip-
proaches the corrosion resistance of the chromium nickel wrades. In many
corrosive media it is equail to such grntdes as Type 3012. Corrosion resisting
properties will be affected by such conditions as surface finish arid aging
beat treatment.

MECHANICAL PROPERTIES- The following may be considered. as overage or
typical roam-temperature Properties:

Teesit. Yietrt ttocbnwstt
Strenqibh Strength Etenqatien tt.itii .C.

Condition (psi) (P.i) in 2" ot A-~ ore.

A (Annealed) .......... .. 150.000 110.000 10% 40% 34
H 900

(Hardiened at 900*1.... 200.000 185.000 14% 50% 44
H1150
(Hardened at 1150*).. 14S.000 125.000 19% 60% 33

AMS-5643 requires the following after precipitation heat treating at 9007:

Ft du iti o Ar-
Tensile Strength Yield Stregth Etenqirtion 3*Thiit 3- Thim

Ipsi) tt'5i1 in 2 6 Unite t. V Thick
190.000 Min. 170.000 Nan 10% Min 40% Mm~ 35% Minl

MACHINABILITY-This grode has a machinability ratint; Of 48% In the annealed

condition (Condition A). with surface cutting speed at 80 feet per minute
In the averaged condition OfI 1150 1A). the mirchiriability rating is 76%. with
surface cutting speetd of 125 feet per minute.

WELDING Readily weldable by all the comtmrncial Processes Preheating A
post-heating practices used for the standard hudieriable stainless gra0de"
are not required.

FORGING Forge between 2050'r and 2150'1. Do not forgep below l8S0r
rorgings are air cooled to 90'F or lower. I ilia or intricate foiginiss sthold

be equolived ait same temperature between 1900*' rind the forging t"m
peroture before vircooling

ANNEALING (Condition Al The ainneAing (solution treatment, temprature Is
1900 * '. Maiterial u nrder 3' in thick ness mu y be (,il qr~enched N rtiil

over 3" thick should lie air coaled Maxsimnum Birinell hariln"ss on sections
under 3- Is 341I; over 3'. 3G3.

HARDENING
Condition 11 900 govir for I hour. air cool. Rockwell C" 44 Avetrige
Condirtion 11 1025--1l02!,71 for 4 hours. air cool Itockwelt -C 1P Average
Condition 11 1150 - 1 I5O'1r for 4 hours, air cool. Rockwell '-C 33 Average.
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100 A
I ~90 -L:

80-

70 - A

% OF 60 -

RECOVERED

FRAGMENTS 50 -
R

40 -

30 A

20-
A

10-

0 I I

0 .1 .2 .3 .4 .5 .6 .7 .8 .9 1.0

R= RECOVERED FRAGMENT WEIGHT
FRAGMENT WEIGHT BEFORE FIRING

LEGEND

& DATA FROM TESTS SNO522AO AND SNO526AO. .035" STAINLESS
STEEL TARGET, FRAGMENT MATERIAL HARDNESS = RC45

TEST DATA FOR TYPE-416 STEEL FRAGMENTS

[
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TYPE 416

Analysis Thermal Treatment

Carbon ............. 15 Max. Forge .... ............ 2100' .2300*17. Cool slowly.

Manganese ..... 1.20 Max. Proc ess Anneal - . 1200* - 1400'F. (Brinell 170-207.)

Phspous 0 M. Full Anneal ..... .. SS* 1650'F. Funace cool.
Phoshoru .... :. .... 04 ax.( Brinell 137-167.)

Sulphur .............. 10/.35 Harden.......1700 IB50*F. Cool vapidly.

Silicon ............... 1.00 Max. Temper .. .400* 1400'. (Tempering be
tween 700' and 10507 is not

Chromium.........12.00/13.50 recommended.)

TYPICAL MECHANICAL PROPERITIES

16.d.
Tlsni Yi.ld Elonqotron Area b",.Ij] Iso8

Annealed Bars ....... 75,000 40.000 30 60 155 70

Stinell 4 SJ~W 42191 269 22 07
JRocc1I C [ ~ S~ i 46 26 L i 1128

250,000__

Ad Size Treated: .550" Hound
Quenched frorn 1800r in Oil

09

so-

70
* ___ -------- ----- B~co

60~~~~4 0~dt',,
1  

-

5W. 6W* 700, &XJ 9E 61 I 10D" 1200 1300-

Temper itrrj Temperature
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1

100 -A

90
A

80 0

70 A

60 0%OF A
RECOVERED 50
FRAGMENTS

>R 40 A.

30 A

20 0

A
10

0-
I I I I i I I I

0 .1 .2 .3 .4 .5 .6 .7 .8 .9 1.0

R= RECOVERED FRAGMENT WEIGHT
FRAGMENT WEIGHT BEFORE FIRING

LEGEND

* TEST SNO509AO DATA, .047" STAINLESS STEEL TARGET,
FRAGMENT MATERIAL HARDNESS BHN77

TEST DATA FOR STAINLESS STEEL (UNKNOWN ALLOY) FRAGMENTS
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100 A 0 0]
I90 A

900
80

70 A 0

60 - 0% OF 60

RECOVERED
FRAGMENTS 50

R 404

30 FA

20 At

10 A

I i i I i i I i i I
0 .1 .2 .3 .4 .5 .6 .7 .8 .9 1.0

R- RECOVERED FRAGMENT WEIGHT

FRAGMENT WEIGHT BEFORE FIRING

LEGEND

0 TEST SN0514AO DATA, .090" 2024-T3 PLATE ARRAY TARGET,
FRAGMENT MATERIAL HARDNESS = RC42

O TEST SNO509AO DATA, .047" STAINLESS STEEL TARGET,
FRAGMENT MATERIAL HARDNESS = RC42

A TEST SNO605AO DATA, .035" STAINLESS STEEL TARGET,
FRAGMENT MATERIAL HARDNESS = RC41

TEST DATA FOR CARPENTER 5-317 STEEL FRAGMENTS
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II

CARPENTER NO. 5-317

TYPE ANALYSIS: Carbon ........ ................. 50%

Manganese .................. .50

Silicon ... .. ................ .20

Chromium ....... ............... 1.00

Nickel .... ................ ... 1.75

INSTRUCTIONS FOR WORKING NO. 5-317 1FF Ed OF DRAWIGLK, F PAURLS
SECTION I__"TO2"-OIL(,IC.EJI lo.. 4tfj__

FORGING: Forge from a temperature of not DRAWI G
over 2100°F, allow to cool in air in a dry TEMPI{AIURE ROCKWELL SCIEROSCOPE RI;L[LL
place..... . .. ..

NORMALIZING: Heat to 1550'F, and cool in As hardened C-56 77 578

air. 300'F C-56 77 578
3500 C-55 75 5

ANNEALING: fleat to 1400'F and cool slowly. 400' C-54 73 534
Brinell hardness approximately 180 to 200. 450' C-53 72 534

HARDENING: Heat to 14500 to 1500-F and 5000 C-53 72 534

quench in oil. 550' C-52 70 514
6000 C-5O 67 495

DRAWING: No. 5-217 is dravin in two sep- 6 C_06_9

arate ranges-depending upon the parts
being made.

AVERAGE PHYSICAL PROPERTIES

SIZE OF TEST IARD- TENSILE YIELD HA I)N[ SS V,1,I't S
SECTION AND FIlING DRAWING STRFNGTH POINT ELONGATION, REDLCTIO': TAKEN ON OUISI:,
LOCATION OF PRO- ;TEMPERATURE IN IN % in 2" OF AREA, OF FULl SI ?f Pi ,TI(
TEST BAR CEDURE lbs./sq. in. lbs./sq. in.

R R:N! LL SHUR[ P'OCK.::I lL
HIARDI)N SS IFAR['X S ,'.,:[, SS

= ut- 700'F 249,000 228,000 10.5 3?.0 444 61 C-46
L.a

- 800, 220,000 2CI,000 15.5 39.0 415 57 C-44

s- 900, 194,000 170,000 14.5 45.5 375 52 C-40

o 10000 170,000 149,000 16.5 51.5 33, 46 C-35

a ' - 11000 150,000 128,000 17.5 56.0 293 4? C-31

.6 0

,. 7000 220,000 200,000 9.5 34.0 429 59 C-45

L- ,"- 800 200,000 183,000 11.5 41.0 401 55 C-4?
c, ,, .C*ua, O

L_ ,- 900 °  18),000 163,000 13.0 46.0 352 49 C-37
,,, 1000" 159,000 143,000 16.5 52.0 311 44 C-33,"- 4' 4, -. C6

t. -.' m 1100" 136,000 121,000 20.0 55.0 269 38 C-28

. 700* 210,000 110,000 8.0 31.5 401 55 C-4?

A , 800 °  187,000 160,000 11.5 33.0 375 52 C-40

U 4 ,.,, 90O °  168,000 14,',000 13.0 42.0 341 48 C-3(

:' . 10000 149,000 125,000 17.0 49.0 311 44 C-33
v 4, , u

1 0, 0 r O0 131,000 101,000 1q.5 55.0 6 38 C-?11
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I
I

100 -

90-

80-

70

60-
% OF

RECOVERED 0
FRAGMENTS 50

R 
40

30_

20-

100

10

0 .1 .2 .3 .4 .5 .6 .7 .8 .9 1.0

0 RECOVERED FRAGMENT WEIGHT *

R FAGMENTWE1GH-T BE-F-ORE FIRING

LEGEND

A TEST SNO52OAO DATA, .035" STA]NLESS STEEL TARGET,
FRAGMENT MATERIAL HARDNESS = RC50

• TEST SN602AO DATA, .035" STAINLESS STEEL TARGET,

FRAGMENT MATERIAL HARDNESS = RC43

TEST DATA FOR AISI-S7 STEEL FRAGMENTS
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I

AISI-S7 TOOL STEEL

CHROME-MOLY
AIR HARDENING

C .45/.55
Mn .20/.80

TYPICAL Si .20/1.00
ANALYSIS Cr 3.00/3.50

Mo 1.30/1.80
V .20/.30

WEAR RESISTANCE GOOD

TOUGHNESS BEST

NON-DEFORMING GOOD

RED HARDNESS GOOD

MACHINABILITY GOOD

FORGING

Start at 2000- 2050 OF
Do not forge below 1700F

ANNEALING

Temperature 1500-1 550F
Max. cooling rate/hr 25°/hr.

down to 10000;
then air cool

Brinell hardness 197

HARDENING
Hardening temperature 1725 0F
Quench medium To 2-1/2"-Air

Over 2-1/2"-Oil
(until black)

TEMPERING

Tempera ture 400-10000 F
Rc hardness 58-51

I
IPAGE II-26 FIGURE II-13A



100A

90

80

70

%OF 60
RECOVERED 50A
FRAGMENTS I

RI

40

30

20
A

10

0-

0 .1 .2 .3 .4 .5 .6 .7 .8 .9 1.0

R=- RECOVERED FRAGMENT WIH
FRAGMENT --I GHf E3EO -F -IING

LEGEND

ATEST SNO52OAO DATA, .035" STAINLESS STEEL TARGET,
FRAGMENT MATERIAL HARDNESS = RC42

TEST DATA FOR CARPENTER 5-876 STEEL*

*No longer manufactured, no data on properties found
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II

I.
100 A

90
A

80 A A

70 A

% OF 60 A

RECOVERED A 
FRAGMENTS 50

RA
40 A

A

30A

20 A
A

10 A

0i I i .1 I I i

0 .1 .2 .3 .4 .5 .6 .7 .8 .9 1.0

RECOVERED FRAGMENT WEIGHT
R= FRAGMENT WEIGHT BEFORE FIRING

LEGEND

A TEST SN0526AO DATA, .035" STAINLESS STEEL TARGET,
FRAGMENT MATERIAL HARDNESS = RC38

* TEST SNO5?OAO DATA, .035" STAINLESS STEEL TARGET,
FRAGMENT MATERIAL HARDNESS = RC41

TEST DATA FOR ARMCO HY-80 STEEL FRAGMENTS
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HY-80

CHEMICAL COMPOSITION MECHANICAL PROPERTI-S

HEAT ANALYSIS 7

CARBON (max) .18"* THICKNESS, inches 3/16 to 3/4 3/4 to 6

MANGANESE .10/.40 TENSILE STRENGTH* * *

PHOSPHORUS* (max) .025 YIELD STRENGTH psi 80,000/ 80,000/

SULPHER* .025 100,000 100,000

ELONGATION** 19 20
SILICON (max) .15/.35 % IN 2" MIN FLAT F.AT

NICKEL 2.00/3.25 SPECI MEN SPECIMEN

CHROMI UM 1.00/1.80 FIG. 4*** FIG. 5A

MOLYBD[NVMI .20/.60 REDUCTION IN AREA
MIN, , LONGITUDINAL 55

MAXIMUM TRANSVERSE 50
RESIDUALS PERMITTED

OTHERS TITANIUM - 0.02

VANADIUM - 0.03
COPPER - 0.25

• The percent of P and S combined Specification does not include ultimate

shall not be more than 0.040. tensile strength. Test values reported
S* 0.20 max C applies for plates 6" for information only.

thick and over. ** For plates 3/16" to 1/4" in thickness,
** For bars and billets the range elongation requirement shall be 14'

is 2.00/3.25%. for HY-80/

•*** See ASTl A 370 for flat and round
specimen dimensions.
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100 -

90

80 S

70

60060 - •

% OF
RECOVERED 50 - 0
FRAGMENTS> R

- 40 -
400

3 0 -

20 -

00: 10 -
100

0-i I I I i i 1 i

0 .1 .2 .3 .4 .5 .6 .7 .8 .9 1.0

RECOVERED FRAGMENT WEIGHTFRAGMENT WEIGHT BEFORE FIRING

LEGEND

0 DATA FROM TESTS SN0522AO AND SNO526AO,
.035" STAINLESS STEEL TARGET, FRAGMENT MATERIAL
HARDNESS = RC42, 43.

TEST DATA FOR SSS-100 STEEL FRAGMENTS
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UHEAT C11 "11CAL. Co-WOSITION (7)

ALLOY C 11n P S Sil Cr Mo Ti Cu 2 B

SSS 1N0
A14F~ Ar,17 .121.20 .40/.70 .035 max .040 max .10/.35 1. 402.0. 401. 60 .04/.10 - ) 10015/. 10 50

G~rade [.

TF NS! I I C 11IR r I E'S
Pliets (0 ai I've . c ,pec ilmnl)

S1L'i W- lL ITY' (i,',14) EL"I S(Utj t r 1'
y 1ii.: 1 iN11A] I I LON,- WPUP. OF 71i iSlJ Ii.U1. 0 i 5 . ti H f

PLATE STNEF;.TII S1P; I i' Ii inl 2" A;VI 1i;n i 2" ArIA
P1l L0Y 11 - TdIIwaSS (L) (L) (in) (cm ) (1, _ (i) n-or ) (
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RECOVERED FRAGMENT WEIGHTR =
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SUMMARY OF DATA FOR 560 GRAIN
ALLOY STEEL FRAGMENTS IMPACTING .035"

STAINLESS STEEL AT 300 OBLIQUITY, AT 10,000 FT/SEC.
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EXAMPLES OF TWO FRAGMENTS (LEFT) WHICH
LOST WEIGHT DUE TO FRACTURING, AND ONE FRA6MENT

WHICH LOST WEIGHT DUE TO EROSION
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I i
3 TABLE NO. Il1-1

SUMMARY TABLE OF
FRAGMENT SURVIVAL TESTS

SN TEST SERIES

0

o AVE. FRAG.
WT. BEFORE%

FRAGMENT FRAGMENT FRAGMENT FIRING RECOVERED WT.
S MATERIAL TARGET HEAT TREAT HARDNESS (grains) ORk-IGIFNA L-WT. COMMENTS

509A Stainless .047"1 NONE BHN-77 574 77
Steel S.S.

Carpenter .047" NONE RC-42 570 85
5-317 S.S.

Mild .047" NONE BHN-167 576 71
Steel S.S.
1018

SAE .047" 8000 F RC-45 564 68
4140 S.S. Draw

514A Stainless .090" NONE BHN-77 558 78
Steel* 2024-T73

3 Sheets

Carpenter .090" NONE RC-42 552 73
5-317 2024-T3

3 Sheets

Mild .090", NONE BHN-167 559 69
Steel 2024-T3
1018 3 Sheets

SAE .090", 8000 F RC-45 545 56
4140 2024-T3 Draw

3 Sheets

520A ARMCO .035" 8000 F RC-41 552 89
HY-80 S.S. Draw

AISI-S7 .035" 800" F RC-50 549 50
S.S. Draw

SAE .035" 8000 F RC-42 549 83
4130 S. S. Draw

*Found on project, ex. ct alloy will be determined if performance warrants.
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TABLE NO. 11-1

SUMMARY TABLE OF

FRAGMENT SURVIVAL TESTS

SN TEST SERIES

C,

AVE. FRAG.
WT. BEFORE %

- FRAGMENT FRAGMENT FRAGMENT FIRING RECOVERED WT.
" MATERIAL TARGET HEAT TREAT HARDNESS (grains) ORIGINAL WT. COMMENTS

Carpenter .035" 8000 F RC-43 549 76
5-876 S.S. Draw

522A ARMCO .035" No Draw RC-43 565 79
SSS-100 S.S.

17-4 .035" 9000 F RC-42 534 56
AISI S.S. AIR
630

AISI-416 .035" 8000 F RC-45 522 51
S.S.

SAE .035" 8000 F RC-43 549 81
4340 S.S. Draw

526A ARMCO .035" 9000 F RC-38 563 63
IIY-80 S.S. Draw

ARMCO .035" 9000 F RC-42 540 72
SSS-100 S.So Draw

AISI-416 .035" 900" F RC-45 522 18
S.S.

17-4 .035" As RC-34 544 62 Erosion,
AISI S.S. Received Steel may be
630 too soft.

'AE .035" 9000 F RC-43 516 93
l') S.S. Draw

-I

.035" 12000 F RC-43 556 95 One fragment
S.S. (Draw in broke in half

- oven) (not SCdbbed)

" 900" F. RC-43 517 75 One fragment
broke in half
(not scabbed)
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TABLE NO. If-1
SUMMARY TABLE OF

FRAGMENT SURVIVAL TESTS

SN TEST SERIES

C AVE. FRAG.
WT. BEFORE%

S FRAGMENT FRAGMENT FRAGMENT FIRING RECOVEREDWT.
S MATERIAL TARGET HEAT TREAT HARDNESS (grains) ORIGINAL WT. COMMENTS

17-4 .035" 11500 F RC-34 438 95 One fragment
AISI S.S. 4 hrs. scabbed.
630

605A Carpenter .03 " 10000 F RC-41 5E5 75
5-317 Steel Draw

SAE .035" 10000 F RC-40 555 65
4140 Steel Draw

SAE 10000 F RC-38 555 81
4340 Draw

SAE 10000 F RC-38 555 79
413 Draw

I1
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APPENDIX III

METHODOLOGY FOR PREDICTING WARHEAD FRAGMENT VELOCITY
AND POLAR EJECTION ANGLE CHARACTERIZATIONS

This appendix describes the methodology used by NMT to predict frag-
ment ejection angles and velocities for single-end initiated warheads. An
example calculation is presented for the 19" annular, 200-lb warhead design.

The basic model for predicting polar ejection angles and fragment
velocities for single-end initiated warhead is presented in Figure I1l-I.
A fragments' polar ejection angle and velocity is dependent upon the frag-
ments' center-of-length distance from the booster-end of the warhead. The
vertical scale against which the fragments' polar angle and velocity are
plotted is the location of the fragments' center-of-length with respect to
the booster-end, expressed as a percent of the warhead length.

For polar ejection angle prediction, three curves are plotted; one is
generated from NMT characterization data on warhead tests over the past ten
years, a second curve is reproduced from Waggeners report', and a third
curve is shown which represents the "eyeball-fit" average of the first two.
The "average" curve is used for polar angle predictions. The NMT velocity
curves are intended to apply to warheads whose case thickness falls between
3 and 5% of the warhead outside diameter.

NMT's prediction for fragment velocities begins with the equation
published by C. R. Brown.* The equation is:

/I+/ B)J(I +

+ ( -B 2 - 8 +6 D

where v = initial velocity of metal casing (ft/sec)
C/m = ratio of charge weight to metal weight
B = fraction of solid charge weight removed from center of the

warhead; B = where ro  inner radius and r = outer

radius of the explosive

ai = constant
D/L = ratio of outer diameter of the explosive to the length of the

explosive

1 A preliminary, unnumbered, copy of a report entitled "The
Performance of Axially Initiated Cylindrical Warheads", Sam Waggener,
Naval Surface Weapons Center/Dahlgren.

* Report No. TD-999, Extension of the Gurney Derivation to Solid and
Hollow Cylindrical Warheads Having Finite L/D by C.R. Brown, Johns Hopkins
Univeristy, Applied Physics Laboratory, May 1968 - Report Declassified.
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I

I NMT uses ct = 9300 for C-4 explosive. The velocity predicted for a
warhead using this equation is the 100.% value indicated in Figure Ill-1.
This value of velocity is then used in conjunction with the appropriate
velocity curve to the fragment velocity as a function of its location
along the length of the warhead.

j Note that the predicted fragment velocities do not account for any
velocity loss through a shroud. For a typical shroud (e.g. about 0.100-
inch aluminum) 5 percent loss is a good estimate of velocity loss.I

I
PAGE 11I1-2,



POLAR EJECTION ANGLE
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APPENDIX IV
S 19-INC H-DIAMETER WARHEAD-SECTOR CALIBRATION-TESTS

I.

A. BACKGROUND

The secAL program includes a plan to conduct a test of a HIBAL warhead
against an aircraft target with a running engine, to demonstrate the HLIMA-
warhead capability to cause fuel-ingestion kills of the engine. One solution

to the blast problem created by an explosive charge of the size associated
with a 135 to 200-lb warhead is to fire a sector of a warhead (which would
greatly reduce the weight of the explosive involved). Two' tests were conducted
of approximately 60-degree sectors of a 19-inch-diameter warhead, to
demonstrate that both the fragment pattern and velocity representative of
the complete warheadi could be achieved (with the significantly-reduced
explosive weights of the sectors).

B. SECTOR DESIGNS

The sector designs are presented in Figures IV-1 and IV-2.

1.iTet wasN11AO

The warhead sector had a 0.438-inch case-thickness, and was 11.5-inch
long. The case was SAE 4130, hardened by quenching in water and drawn
at a temperature of 800-degrees (F), to RC-42. Therc were thirteen,
circumferential opposed-grooves to provide for fourteen rows of equal
length (0.821-inch) fragments. Eleven of the circumferential opposed-
grooves provided for 0.100-inch remaining metal between the opposed grooves.
The two circumferential grooves closest to the booster-end of the warhead
provided for 0.235-inch remaining metal'.

The longitudinal opposed grooves were spaced 0.770-inch apart (inside),
and were 0.130-inch deep, inside and outside, to provide for 0.178-inch
remaining metal. The recovered fragment weights were expected to be
between 440 and 470-grains.

The weight of explosive (C-4) in this sector was 23-lb, and the case
weight was 14-lb.

1Both 7/16-inch and 1/2-inch case-thicknesses were tested, these two
thicknesses providing the desired static-ejection-velocity for shroud-thickness
choices of 0.080-inch and 0.020-inch, respectively.

2 The desired fragment pattern would be identical to that obtained in
Test QN0409AO of a full scale 19-inch diameter wdrhead; the desired fragment

;L velocity would be about 6000-ft/sec, slightly higher than static ejection
velocities of the warhead, to approximate the dynamic enhancement occurring
in the intercept environment.

3 The normal shock wave incidence to the fragment case near the booster
end provides for proper lengthwise breakout with more metal remaining between

* the opposed grooves.
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2. Test QN0819AO

The warhead sector had a 0.5-inch case thickness and was 11-inch
long. The case was SAE 4130, hardened by quenching in water and drawn
at a temperature of 800-degrees(F), to RC-42. There were thirteen
rows of equal length (0.821-inch long) fragments plus a short ring
(0.321-inch long) on the non-booster end 4 . Eleven of the thirteen,
circumferential opposed-grooves provided for 0.100-inch remaining metal
between the opposed grooves. The two circumferential opposed grooves
closest to the booster-end provided for 0.185-inch remaining metal between
the opposed grooves 3. The longitudinal grooves were spaced 0.808-inch
apart (inside), and were 0.140-inch deep, inside and outside, to provide
for 0.220-inch remaining metal.

The expected recovered fragment weight was 518-grains (based on 15%
weight loss in fireforming). The explosive weight was 24-lb, and the
case weight was 16-lb.

C. TEST ARENAS
The test arenas are presented in Figures IV-3 and IV-4. Both test arenas

included a Celotex pack to recover fragments, and a witness sheet for charac-
terizing fragment pattern and velocity. The arenas differed only in the height
of the Celotex packs and witness sheets, the second test (QNO819AO) providing
for 12-ft-high witness sheets and Celotex because in the first test (QNO811AO)
the booster-end row of fragments went over the top of the 8-ft-high witness-
sheets and celotex.

D. TEST RESULTS

1. Test QNO811AO, (0.438-inch-thick case)

The recovered fireformed fragments were of excellent quality in terms
of both fragment shape and weight. The weights of the recovered fragments
are presented in Table IV-1

The fragment pattern measurements and calculated polar ejection angles
are presented in Table IV-2. The velocity and polar ejection angle data
are presented in Figure IV-5.

2. Test QNO819AO (0.5-inch-thick case)

The recovered fireformed-fragments were of excellent quality, in terms
of both fragment weight and shape. The weights of the recovered fragments
are presented in Table IV-3.

The fragment-pattern measurements and calculated polar-ejection-angles
for the fragments are presented in Table IV-4. The velocity and polar-
ejection-angle data are presented in Figure IV-6.

E. CONCLUSIONS

The fragment polar ejection angles were nearly identical to those measured
in the 19-inch diameter annular warhead test (QNO409AO) and the fragment
velocities were somewhat higher than the warhead, as desired. Thus, the primary
conclusion of these tests is that the warhead sector from test QNO819AO can be
used in the running engine demonstration tests.

4 The fragment case was originally made 11.5-inch long with fourteen rows
of equal length fragments. One-half inch was cut off the non-booster end of
the case to correspond to the length associated with a 19-inch diameter 10.6-

jinch I.D., 200-lb annular warhead.
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UTABLE IV-1

WEIGHTS OF RECOVERED FRAGMENTS

TEST QNO811AO

.(NOTE: FRAGMENT PREDICTED WEIGHT
WAS 440 to 470-grains)

425

387*

482

441

426

437

436

422

458

497

439

410

442

422

414

431

415

431

474

385*

AVERAGE FRAGMENT WEIGHT = 439-grains
* Fragments hit steel banding strip on Celotex
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I TABLE IV-2

I TABLE OF FRAGMENT HIT LOCATIONS ON
15-FT WITNESS SHEET AND CALCULATED

i POLAR EJECTION ANGLES

TEST QNO811AO

I FRAGMENT FRAGMENT C.G. FRAGMENT COLUMN FRAGMENT COLUMN
ROW NO. DISTANCE FROM NUMBER I NUMBER 2

BOOSTER-END OF HIT LOCATION CALCULATED HIT LOCATION CALCULATED
(ROW I = WARHEAD RELATIVE TO POLAR EJECTION RELATIVE TO POLAR

BOOSTER END (inch) BOOSTER-END ANGLES BOOSTER-END EJECTION
ROW) OF WARHEAD (degrees) OF WARHEAD ANGLE

(inch) (inch) (degrees)

I - 0.4 * * * *

2 - 1.2 +17.8 +6.0 +17.0 +5.8

3 - 2.1 + 4.8 +2.2 + 5.0 +2.2

4 - 2.9 - 5.3 -0.8 - 5.8 -0.9

5 - 3.7 - 8.8 -1.6 -10.5 -2.2

6 - 4.5 -11.5 -2.2 -12.8 -2.6

7 - 5.3 -15.0 -3.1 -15.0 -3.1

8 - 6.2 -17.5 -3.6 -17.8 -3.7
9 - 7.0 -18.0 -3.5 -20.3 -4.2

10 - 7.8 -19.3 -3.6 -21.8 -4.4

11 - 8.6 -21.8 -4.2 -24.0 -4.9

12 - 9.4 -25.0 -4.9 -26.3 -5.3

13 -10.3 -26.0 -5.0 -28.0 -5.6

14 -11.1 -34.3 -7.3 -35.5 -7.7

• Fragments from Row I went over top of witness sheet.

P
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TABLE IV-3

WEIGHTS OF RECOVERED FRAGMENTSJ TEST QN0819AO

RECOVERED FRAGMENT WEIGHTS (grain)
FRAGMENT ROW NO. (NOTE: FRA MENT PREDICTED W IGHT

(ROW-i = WAS 518-grains)
BOOSTER END

ROW)

2 565 588 574

3 545 549 *

4 525 519 *

5 520 525 531

6 523 531 *

7 532 526 529

8 529 522 *

9 523 520 514

10 514 526 *

11 514 515 523

12 509 512 *

13 534 529 472***

*Scabbed.

*Fragments exited side of Celotex and were not recovered.

**Fragment hit steel banding strip on Celotex.
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TABLE IV-4

I TABLE OF FRAGMENT HIT LOCATIONS ONu 15-FT WITNESS SHEET AND CALCULATED POLAR EJECTION ANGLES

TEST QN0819AO

FRAGMENT COLUMN FRAGMENT COLUMN
NUMBER I NUMBER 2

FRAGMENT C.G. FRAGMENT--IMPA-CT CALCULATED FRAGMENTM PACT- CALCULATED
DISTANCE FROM LOCATION AT FRAGMENT LOCATION AT POLAR
BOOSTER-END OF 15-ft RADIUS POLAR 15-ft RADIUS EJECTION

FRAGMENT WARHEAD RELATIVE TO THE EJECTION RELATIVE TO THE ANGLE
- ROW (inch) BOOSTER-END ANGLE BOOSTER-END (degrees)

OF THE (degrees) OF THE
WARHEAD WARHEAD
(inch) (inch)

1 - 0.4 +64.0 +19.7 +59.8* +18.4*

2 - 1.2 +15.5 + 5.3 +14.0 + 4.8

3 - 2.1 + 3.3 + 1.7 + 5.0 + 2.2

4 - 2.9 - 4.5 - 0.5 - 6.3 1.1

5 - 3.7 -12.0 - 2.6 -11.3 - 2.4

6 - 4.5 -13.3 - 2.8 -12.8 - 2.6

7 - 5.3 -15.8 - 3.3 -17.0 - 3.7

8 - 6.2 -19.3 - 4.2 -19.8 - 4.3

9 - 7.0 -22.3 - 4.8 -21.5 - 4.6

10 - 7.8 -25.0 - 5.5 -23.5 - 5.0

11 - 8.6 -26.5 - 5.7 -26.3 - 5.6

12 - 9.4 -28.5 - 6.0 -28.3 - 6.0

13 -10.3 -30.5 - 6.4 -30.0 - 6.3

* Average of two pieces, fragment apparently broke prior to impact.
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